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(54) Improved transformerless hybrid circuit

(57)  An electronic hybrid (16) useful in telephone
line-powered Data Access Arrangements has a transmit
amplifier (565) with an output driving the base of a bipolar
transistor (50). The emitter of the transistor is connected
to a sense resistor (59) which is, in turn, connected to
one wire (RING) of a telephone line. The collector of the
transistor connects to another wire (TIP) of the tele-
phone line. A summing node (53) couples together sig-
nals on the telephone line and signals across the sense
resistor such that the remaining signal on the summing
node is substantially the signal received from the tele-
phone line without the signal to be transmitted.
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Description

Background of the Invention

Field of the Invention

This invention relates to telephone hybrids in gener-
aland, more particularly, to active hybrids generally used
in transformerless Data Access Arrangements.

Description of the Prior Art

For purposes here, the term Data Access Arrange-
ment or DAA is used to refer to a transformerless hybrid
and isolation means generally, although it is understood
that more components may be necessary to form a com-
plete DAA, such as a line switch and loop current control.

The received signal strength presented to a hybrid
in a DAA from a mismatched telephone line (the tele-
phone line being terminated at the DAA with an imped-
ance different from the match impedance) is usually very
weak, typically many tens of decibels below the signal
strength of the transmitted signal from the DAA to the
telephone line. Because the received signal is so weak,
unless the transmitted signal from the transmit path of
the hybrid is essentially removed from the receive path
of the hybrid, the received signal will be overridden by
the transmitted signal and obliterated.

For prior art DAAs to adequately send the received
analog signal over an optical isolator or coupler (for gal-
vanic isolation) to a modem or the like, a telephone
line-powered amplifier in the receive path amplifies the
receive signal and performs part of the hybrid function.
To cancel the transmit signal from the amplifier, the signal
on the telephone line and the transmitted signal are
summed together at an input of the amplifier. This ar-
rangement works well, but some residual transmitted
signal and signal distortion contributed by amplifiers in
the transmit path are not canceled by the receive path
amplifier.

Thus, it is desirable to provide a hybrid arrangement
with better transmitted signal cancellation capability with
the ability to cancel distortions from the transmit path am-
plifiers.

Summary of the Invention

This and other aspects of the invention may be ob-
tained generally in accordance with that claimed in claim
1.

Brief Description of the Drawing

The foregoing features of this invention, as well as
the invention itself, may be more fully understood from
the following detailed description of the drawings, in
which:

FIG. 1 is a simplified schematic drawing of an active
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hybrid according to one exemplary embodiment of the
invention.

Detailed Description

As discussed below in more detail and in accord-
ance with the exemplary embodiment of the invention
shown in FIG. 1, the data access arrangement (DAA) 10
has hybrid circuit 16 that couples a transmit signal from
a transmit path 18 to a bidirectional path (a telephone
line) and couples a received signal from the bidirectional
path to a receive path 17 with the transmit signal sup-
pressed. The hybrid has a variable current device 50,
responsive to the transmit signal and disposed in series
with the bidirectional path, a sensing resistor 51 dis-
posed in series with the variable current device 50, and
a summing node 53 coupling to the sensing resistor 51
and to the bidirectional path. The sense resistor 51 gen-
erates a voltage in response to the current through the
variable current element 50. The summing node 53 has
thereon the received signal from the bidirectional path
without any substantial signal from the transmit path.

In more detail, the DAA 10 in FIG. 1 has an applica-
tion portion 12 and a telephone line-side portion 13. Both
portions 12, 13 have a receive path 17 and a transmit
path 18. The receive path 17 and the transmit path 18
are each unilateral paths from and to the hybrid 16. Hy-
brid 16 couples to the two-wire telephone line (a bidirec-
tional path) and acts as a two-wire to four-wire converter
to couple the bidirectional telephone line path to the uni-
lateral receive path 17 and the unilateral transmit path
18. Signals arriving on the telephone line pass through
the receive path 17 to the modem circuitry 20. Similarly,
signals from a modem 20 pass through the transmit path
18 and are impressed on the telephone line for transmis-
sion.

The feedback path provided by resistor 52 is for can-
celing the transmitted signal from the received signal.
This provides superior cancellation of the transmitted
signal than in prior art hybrids.

Briefly, a signal to be transmitted enters the active
hybrid 16 and is amplified by transmit amplifier 55. Am-
plifier 55 drives a bipolar transistor 50, operating as a
variable current device. The amount of current passed
by the transistor 50 is substantially determined by the
signal applied to the amplifier 55 due to a feedback loop
set up by the current sensing resistor 51 and a feedback
network 56. Transistor 50, its collector connecting to one
wire of the telephone line and its emitter connecting to
the other wire via sense resistor 51, impresses onto the
telephone line the transmitted signal by varying the cur-
rent through the telephone line. The voltage developed
across the sense resistor 51 very closely maiches the
transmitted signal on the telephone line while being sub-
stantially devoid of the received signal due to the high
impedance nature of the transistor 50.

Signals on the telephone line are coupled to a sum-
ming node 53 by resistor 57 and capacitor 58. The trans-
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mitted signal is also added to the summing node via re-
sistor 52, but has the opposite phase as that through re-
sistor and capacitor 57, 58. Thus, the remaining signal
on node 53 is just the received signal if the proper values
of resistor 52 and 57 are chosen. Receive amplifier 60,
having a feedback resistor 61 to set the gain of the am-
plifier 60, controls the amplitude of the received signal
for presentation to LED driver amplifier 15.

Galvanic isolation between the portions 12, 13 is ac-
complished by optical isolation. Optical isolation in the
receive path 17 is provided by an optical coupler 14, driv-
er amplifier 15 and photodetector amplifier 22. Similarly,
in the transmit path 18, optical isolation is provided by
optical coupler 25, driver amplifier 16, and photodiode
amplifier 27. The operation of the above is similar to that
described in connection with FIG. 3 of the above-refer-
enced patent. An exemplary optical coupler having an
LED light source and two photodiodes is a Siemens
IL-300 optical coupler.

Bias circuit 19 provides substantially invariant bias
voltages and currents to the various circuits in the DAA
10.

The amplifiers on the application portion 12 (here
amplifiers 22 and 26) are powered from, for example, an
exemplary modem circuit 20. In contrast, the amplifiers
on the line-side portion 13 (here amplifiers 15, 27 and
those in the hybrid 16) are powered directly from the tel-
ephone line. No voltage regulation or passive filtering is
provided or needed, although it is understood that regu-
lation or filtering may be provided if desired. To allow for
the direct powering of the amplifiers by telephone line
current, the amplifiers should not draw a supply current
that varies with the signal amplified.

While a modem circuit is shown as the application
for the disclosed DAA 10 (FIG. 1), it is understood that
other uses may be found for the disclosed invention,
such as facsimile machines, phone patches, answering
machines, etc.

Except for the optical couplers 14, 15, all of the cir-
cuitry shown in the line-side portion 13 of the DAA 10
has been implemented on a single chip.

Claims

1. A hybrid circuit (16), for coupling a transmit signal
from a transmit path (18) to a bidirectional path (tel-
ephone line) and for coupling a received signal from
the bidirectional path to a receive path (17) with the
transmit signal suppressed, having:

a variable current device (50), responsive to
the transmit signal, disposed in series with the bidi-
rectional path;

a sensing resistor (51), disposed in series with
the variable current device, which generates a volt-
age in response to the current through the variable
current element; and,

a summing node (53) coupling to the sensing
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resistor, the bidirectional path and the receive path;

wherein the summing node has thereon the
received signal from the bidirectional path substan-
tially without a signal from the transmit path.

The hybrid recited in claim 1, further characterized
by:

a transmit amplifier (55) having an input cou-
pling to the transmit path and an output coupling to
the bidirectional path;

a receive amplifier (60) having an input cou-
pling to the bidirectional path at the summing node
and an output couping to the receive path.

The hybrid recited in claim 2, wherein the variable
current element is a bipolar transistor having a base
connected to the output of the transmit amplifier, an
emitter connected to the sense resistor, and a col-
lector coupling to the bidirectional path; and

a sense resistor (52) coupling the emitter of the
bipolar transistor to the summing node.

A modem, coupled to the transmit and receive path
of a hybrid as recited in claim 3.

A hybrid circuit, for coupling a transmit signal from
a transmit path to a bidirectional path and for cou-
pling a received signal from the bidirectional path to
a receive path with the transmit signal suppressed,
CHARACTERIZED BY:

a transmit amplifier (55) having an input cou-
pling to the transmit path and an output;

a receive amplifier (60) having an input cou-
plingtothe bidirectional path at a summing node and
an output couping to the receive path;

a bipolar transistor (50) having an emitter, a
collector and a base, the base connecting to the out-
put of the transmit amplifier and the collector cou-
pling to the bidirectional path;

a sense resistor (59), disposed in series with
the emitter of the transistor, which generates a volt-
age in response to the current through the transistor;
and

a series resistor (52) coupling the summing
node to the sense resistor.

A modem, coupled to the transmit and receive path
of a hybrid as recited in claim 5.
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